Neospora caninum, an obligate intracellular protozoan parasite, is the causative agent of neosporosis, recognized as a major cause of bovine abortion around the world. Thailand is a developing agricultural country located in Southeast Asia. Livestock developments particularly in dairy cows of this country have been hampered by low productivity including milk and slow growth rate due to the impact of many pathogens including N. caninum. Currently, there is no effective method for control of neosporosis since there is less information regarding current status of infections. The objective of this study was to investigate the seroprevalence of neosporosis in dairy cows of the northern part of Thailand. During 2006-2007, the sera of 642 cows from 42 small farm holders with the top three highest consensus of dairy farms in the northern provinces, such as Chiang Rai, Chiang Mai and Lumpang were collected and performed tests. Antibodies to N. caninum were assayed by enzyme-linked immunosorbent assay (ELISA) with recombinant N. caninum surface antigen 1 (NcSAG1) and indirect fluorescent antibody test (IFAT). The overall prevalence of N. caninum infection in this study was 46.9% (301/642) by ELISA and 34.3% (220/642) by IFAT.
Introduction
Neospora caninum, an obligate intracellular protozoan parasite, is the causative agent of neosporosis recognized as a major cause of bovine abortion around the world and known to have a detrimental effect on bovine pregnancy and on milk production. N. caninum is an apicomplexan protozoan parasite which was originally identified in tissues of clinically paralyzed dogs (Dubey et al. 1988) . The molecular search for diagnostic antigens for N. caninum infection has been focused on the identification of immunodominant antigens that are recognized by sera from infected animals (Chahan et al. 2003) .
The surface protein of all obligatory intracellular parasites are believed to play critical roles in infection (Nishikawa et al. 2001 ) and considered as potential candidates for developing effective diagnostic reagent. For example, the surface antigen 1 of N. caninum (NcSAG1) is an important candidate for developing a diagnostic tool of neosporosis (Hemphil et al. 1997; Howe et al. 1998) .
Thailand is a developing agricultural country located in Southeast Asia. Livestock development particularly in dairy cows of this country have been hampered by low production including milk and meat production due to the impact of many pathogens including N. caninum. There were a few reports of neosporosis in cattle (Suteeraparp et al. 1999) with inconclusive results since the cost of damages were not truly estimated or represent the real losses of Thai farmers. More information will be beneficial for reducing cost of animal owners.
The objective of this study was to determine the seroprevalence of Neospora infection among dairy cows of Northern provinces, Thailand by using enzyme-linked immnunosorbent *Corresponding author: fvettwi@gmail.com Tawin Inpankaew et al. 306 assay (ELISA) using recombinant NcSAG1 and indirect fluorescent antibody test (IFAT).
Materials and Methods

Animals and study areas
A total of 642 Holstein-Friesian cows were collected from 42 small farm holders of the top three highest consensuses of dairy farms in the North of Thailand such as Chiang Mai (150 samples), Chiang Rai (392 samples) and Lumpang (100 samples). All dairy cows were female and bred for milk production between 1 to 12 year olds. Blood was collected from the caudal or jugular vein from dairy cows. Sera were separated after sedimentation of blood cells and were stored at -20°C until used.
Parasite
N. caninum tachyzoites of the Nc-1 strain (Dubey et al. 1988) were grown in monolayers of Vero cells cultured in a minimum essential medium supplemented with 8% fetal bovine serum and 50 µg/ml kanamycin at 37°C with 5% CO 2 in tissue culture flasks. Parasites were harvested by scraping the monolayer at peak growth and purified by filtration using a 5 µm filter (Millipore, USA).
Cloning and expression of the gene encoding truncated NcSAG1
The gene encoding truncated NcSAG1 (NcSAG1t) was cloned and expressed as previous reported (Chahan et al. 2003) . Briefly, the purified N. caninum tachyzoites (1X10 8 ) were lyzed in 0.1 M Tris-HCl (pH 8.0) containing 1% sodium dodecyl sulfate (SDS), 0.1 M NaCl, and 10 mM EDTA and then treated with proteinase K (100 µg/ml) at 55°C for 2 h. The genomic DNA pellets were extracted by phenol/chloroform followed by ethanol precipitation. The DNA pellets were dissolved in a TE buffer (10 mM Tris-HCl, pH 8.0, and 1 mM EDTA) and used as a template DNA for PCR. The NcSAG1t gene without sequences encoding a hydrophobic signal peptide and a C-terminus was amplified by PCR using oligonucleotide primers, 5'-ACGAATTCAGAAAAATCACCT-3' and 5'-ACGAAT TCGACCAACATTTTCAGC-3', which both contains introduced EcoRI sites to facilitate cloning. The PCR product was digested with EcoRI and then cloned into the EcoRI site of the bacterial expression vector, pGEX-4T-3 (Promega, USA). The resulting plasmid was designated as pGEX/NcSAG1t. The pGEX/NcSAG1t was expressed as a glutathione S-transferase (GST) fusion protein (GST-NcSAG1t) in E. coli (DH5 α strain). E. coli transformed with pGEX/NcSAG1t was cultured at 37°C until the OD 600 nm level reached 0.5. Synthesis of GST-NcSAG1t was induced with 0.5 mM isopropylthio-β-galactoside (IPTG) at 37°C for 4 h. The resulting E. coli was harvested by centrifugation and treated by sonication in a TNE buffer (50 mM Tris-HCl, pH 7.5, 0.1 M NaCl, 2 mM EDTA) containing lysozyme (100 µg/ml) and 1% Triton X-100. After centrifugation, the supernatant was harvested, and the GST-NcSAG1t was purified with Glutathione Sepharose 4B, according to the manufacturer's instructions (Amersham Pharmacia Biotech, USA). The recovered supernatant was identified as purified GSTNcSAG1t and was used as antigen in ELISA.
ELISA
The ELISA was performed in flat-bottom 96-well microplates (Nunc, Denmark). The purified GST-NcSAG1t was diluted to an optimal concentration (5 µg/ml for NcSAG1) in a 50 mM carbonate-bicarbonate buffer (pH 9.6), of which 50 µl was added separately to duplicate wells for each sample. Coated plates were incubated at 4°C overnight. After the unabsorbed antigen was discarded, the wells were blocked with PBS containing 3% skim milk (blocking solution, 100 µl/well) at 37°C for 1 h. Then the plates were washed once with PBS containing 0.05% Tween 20 (PBS-T). Fifty microliters of serum diluted in the blocking solution (1:100) was added to each well and incubated at 37°C for 1 h. After incubated the wells were washed six times with PBS-T and subsequently incubated with 50 µl of goat anti-bovine IgG-horseradish peroxidase conjugate (ICN Biochemical, USA) (1:4,000) at 37°C for 1 h. After six washes, 100 µl of substrate solution [0.05% 2,2'-azino-bis (3-ethylbenzthiazoline-6-sulphonic), 0.2 M sodium phosphate, 0.1 M citric acid, 0.003% H 2 O 2 ] was added to each well. After 1 h reaction at room temperature, the optimal density (OD) was read at 415 nm by using an MTP-120 ELISA reader (Corona Electric, Japan). The ELISA titer was expressed as the reciprocal of the maximum dilution that showed an ELISA value equal to or greater than 0.1, which is the difference in absorbance between that for the antigen (GST-NcSAG1t) well and that for the control antigen (GST) well. The cutoff point of 0.1 was the mean OD for negative sera plus four standard deviations.
IFAT
All samples were examined by IFAT to confirmed and compared with ELISA results. Briefly, Neospora antigen slides were incubated at 37°C with diluted cow sera (1:100) in 5% bovine serum albumin (BSA) with phosphate buffer saline (PBS) for 1 hr and then, add a fluorescein isothiocyanate-labeled goat anti-bovine IgG (1:200 in 5% BSA with PBS). Positive and negative control sera were prepared in each slide. Slides were examined under fluorescence microscopy and only a bright, linear peripheral fluorescence of the tachyzoites was considered positive.
Statistical analysis
To estimate sensitivity (Se), specificity (Sp) positive predictive value (PPV) and negative predictive value (NPV), results for the two techniques were categorized into positive and negative variables, presented in cross-tabulations, and compared for equal possibilities of being positive by using McNemar's test with 95% confidence interval (CI). Moreover, IFAT technique was used as a gold standard. Table 1 shows the seropositive for antibodies to N. caninum in dairy cows in northern Thailand. Nearly 47.0% (301/642) were positive by ELISA with recombinant NcSAG1. Lumpang province has the highest seroprevalence (64.0%), while Chiang Rai and Chiang Mai were found the seropositive at 41.6% and 49.3%, respectively (Table I) . However, 220 from 642 samples (34.3%) were positive by IFAT.
Results
In the comparison between ELISA with recombinant NcSAG1 and IFAT, 210 positive sera were matched with both techniques. However, 91 positive sera were observed only by ELISA while, 10 samples were positive only by IFAT (Table  II) . In additional, the calculated sensitivities, specificities PPV and NPV with 95% conference interval (CI) are shown in Table III . Briefly, the sensitivity of ELISA was 95.5% and specificity was 78.4%.
Discussion
The seroprevalence of N. caninum in cattle or dairy cows had been studied in many countries (Gondim et al. 1999; Atkinson et al. 2000; Bae et al. 2000; Huong et al. 1998; Jenkins et al. 2000; Ooi et al. 2000) . The prevalences were varied among countries, regions, herds and even at different times of the same herds (Yu et al. 2007) , but there were a few reports on bovine neosporosis in Southeast Asia (Huong et al. 1998; Suteeraparp et al. 1999; Kashiwasaki et al. 2001; Jittapalapong et al. 2008; Arunvipas et al. 2012 ). The present study revealed that the seroprevalence of N. caninum infections in dairy cows in northern Thailand were 46.9% by ELISA and 34.3% by IFAT, which was higher than previously reported in Thailand (6% by Suteeraparp et al. 1999; 10% by Jittapalapong et al. 2008; 11.7% by Arunvipas et al. 2012a) and Vietnam (5.5% by Huong et al. 1998 ). During the host-parasite interaction, the surface of parasite cells are the main targets of host immune response; therefore, the surface antigens of parasites should be the potential targets for diagnosis and vaccine. NcSAG1 is identified as a surface antigen of N. caninum and are considered to be an important diagnostic candidate for the detection of antibodies to N. caninum in animals (Nishikawa et al. 2001; Chahan et al. 2003) . The present results have shown that the seroprevalence among serum samples taken from cows in 3 provinces, Thailand by the ELISA using recombinant NcSAG1 ranging from 41.6 to 64%. About 70% of ELISA-positive samples were confirmed by IFAT. The results indicated that the ELISA using recombinant NcSAG1 was sensitive for detection of N. caninum in cattle and can be a useful diagnostic method for the serodiagnosis of N. caninum infection.
In many dairy farms in Thailand, dogs can be found roaming around farms and have the close contact with the cattle. Besides the transplacental transmission in cattle, these dogs might be the source of infection, contributing to the high prevalence of N. caninum antibodies in cattle by contaminating the farm with oocysts. In this present study, most farms had at least one dog in nearby environment. Hence, the presence of dogs on a farm has been a potential risk to provide the increasing chance of horizontal transmission (Jittapalapong et al. 2008; Arunvipas et al. 2012b ).
In conclusion, this report describes the high seroprevalence of N. caninum infection in dairy cows in Thailand and other countries such as Brazil (14.1%, Gondim et al. 1999) , Australia (24.0%, Atkinson et al. 2000) , USA (16.0%, Rodriguez et al. 2002) and Vietnam (5.5%, Huong et al. 1998) . Further serological surveys in dogs, lived in the surrounding area of infected farm need to be accomplished and also seroprevalence study in other regions, as well as, the association between seropositive status and bovine abortions in this country.
